
~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NASA- CR-54SBS 
PWA FR-2297 

- 
/ 

---SINGLE STAGE EXPERIMENTAL EVALUATION 

OF 
VARIABLE GEOMETRY GUIDE VANES AND STATORS 

PART II - ANNULAR CASCADE INVESTIGATIONS 

OF CANDIDATE VARIABLE GEOMETRY DESIGNS 

PREPARED FOR 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

*- CONTRACT NAS3-7604 - 

14 JULY 1967 

CONTRACTOR PROGRAM MANAGER: Charles G. Linder 

CONTRACTOR PROGRAM ADVISOR Burton A. Jones 

TECHNICAL MANAGEMENT 

NASA LEWIS RESEARCH CENTER 

CLEVELAND, OHIO 

NASA PROGRAM MANAGER John E. McAulay 

Air Breathing Engines Division 

NASA RESEARCH ADVISOR: 1. Joseph Herrig 

Fluid Systems Components Division 

Printed in the United Stater of America 



I 
I 
1 
I 
I 
I 

I 
I 
I 
I 

Pratt & Whitney Flircraft 
PWA FR-2297 

ABSTRACT 

T e s t s  were conducted  i n  a n  a n n u l a r  c a s c a d e  t u n n e l  t o  (1) e v a l u a t e  

t h e  f e a s i b i l i t y  o f  u s i n g  a s l o t  n e a r  t h e  l e a d i n g  edge  o f  a s t a t o r  t o  a i d  

f low t u r n i n g  a t  h i g h  p o s i t i v e  i n c i d e n c e  a n g l e s ,  and t o  (2) p r o v i d e  com- 

p a r a t i v e  per formance  d a t a  f o r  two c a n d i d a t e  v a r i a b l e  geometry i n l e t  g u i d e  

vane d e s i g n s .  

The s t a t o r s  were t e s t e d  a t  a n  i n c i d e n c e  a n g l e  o f  14 .1  d e g r e e s .  A 

s l o t  l o c a t e d  a t  22.5% chord  improved t h e  s u c t i o n  s u r f a c e  d i f f u s i o n .  The 

b e s t  s l o t  c o n f i g u r a t i o n  t e s t e d  reduced  t h e  wake l o s s  c o e f f i c i e n t  f rom 

0.224 w i t h o u t  a s l o t  t o  0 .177 .  

A v a r i a b l e  geometry g u i d e  vane w i t h  a r t i c u l a t e d  f l a p s  had t h e  lowes t  

l o s s  c o e f f i c i e n t  (0.021) i n  t h e  z e r o - p r e w h i r l  p o s i t i o n .  
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SECTION I 
SUMMARY 

T e s t s  were conducted i n  an a n n u l a r  c a s c a d e  t u n n e l  t o  (1) e v a l u a t e  

t h e  f e a s i b i l i t y  of u s i n g  a s l o t  n e a r  t h e  l e a d i n g  edge o f  a s t a t o r  t o  

a i d  f low t u r n i n g  a t  h i g h  p o s i t i v e  i n c i d e n c e  a n g l e s ,  and (2)  p r o v i d e  

c o m p a r a t i v e  per formance  d a t a  f o r  two c a n d i d a t e  v a r i a b l e  geometry i n l e t  

g u i d e  vane d e s i g n s .  These p r e l i m i n a r y  t es t s  were conducted as p a r t  o f  

t h e  d e s i g n  e f f o r t  u n d e r  t h e  o v e r a l l  program. The t e s t  s t a t o r s  were 

6 5 - s e r i e s  a i r f o i l  s e c t i o n s  h a v i n g  a chord l e n g t h  of  6 . 5  i n c h e s  and a 

c o n s t a n t  e q u i v a l e n t  camber of  3 8 . 8  d e g r e e s .  A b a s e l i n e  t e s t  was con- 

d u c t e d  w i t h  a n  u n s l o t t e d  s t a t o r ,  fo l lowed by tes t s  o f  t h r e e  d i f f e r e n t  

s t a t o r  s l o t  g e o m e t r i e s .  The s t a t o r  c o n f i g u r a t i o n s  were t e s t e d  a t  a n  

i n c i d e n c e  a n g l e  of  1 4 . 1  d e g r e e s .  A s l o t  l o c a t e d  a t  22.5% chord improved 

t h e  s u c t i o n  s u r f a c e  d i f f u s i o n  as ev idenced  by  t h e  measured p r e s s u r e  

c o e f f i c i e n t  d i s t r i b u t i o n s .  T e s t i n g  o f  one o f  t h e s e  s l o t  c o n f i g u r a t i o n s  

r e s u l t e d  i n  a d e c r e a s e  i n  loss  c o e f f i c i e n t  from 0.22 t o  0 . 1 8  and a n  

i n c r e a s e  i n  l i f t  c o e f f i c i e n t  from 0.795 t o  0 .945 when compared t o  a n  

u n s l o t t e d  s t a t o r .  

The t e s t  g u i d e  v a n e s  were b a s i c a l l y  6 3 - s e r i e s  a i r f o i l  s e c t i o n s  h a v i n g  

a chord  l e n g t h  of 5 .46  i n c h e s  and a camber a n g l e  of  72.8 d e g r e e s .  They 

were d e s i g n e d  t o  p r o v i d e  30  d e g r e e s  r o t o r  p r e w h i r l  a t  s i m u l a t e d  c r u i s e  

c o n d i t i o n s  and z e r o  p r e w h i r l  a t  s i m u l a t e d  sea l e v e l  t a k e o f f  c o n d i t i o n s .  

The two c a n d i d a t e  v a r i a b l e  geometry d e s i g n s  were compared on t h e  b a s i s  

o f  p r o f i l e  l o s s  i n  t h e  z e r o - p r e w h i r l  p o s i t i o n .  The design that incor-  

p o r a t e d  two a r t i c u l a t e d  f l a p s  t o  p r o v i d e  a smooth v a r i a t i o n  o f  camber 

a n g l e  o v e r  a wide r a n g e  o f  p r e w h i r l  a n g l e s  r e s u l t e d  i n  a loss  c o e f f i c i e n t  

v a l u e  o f  0.021. The d e s i g n  t h a t  i n c o r p o r a t e d  s e p a r a t e  f l a p  s e c t i o n s ,  

forming  a v e n e t i a n  b l i n d  c o n f i g u r a t i o n  a t  z e r o - p r e w h i r l  c o n d i t i o n s ,  had 

a l o s s  c o e f f i c i e n t  of  0.069. R e f e r e n c e  l o s s  d a t a  and a i r  t u r n i n g  a n g l e  

were a l s o  o b t a i n e d  f o r  t h e  f u l l y  cambered p o s i t i o n  of  t h e  g u i d e  v a n e s ,  

which was t h e  same f o r  b o t h  o f  t h e  v a r i a b l e  geometry d e s i g n s .  The l o s s  

c o e f f i c i e n t  was 0.017 and t h e  t u r n i n g  a n g l e  was 26.7 d e g r e e s .  

1-1 
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SECTION I1 
INTRODUCTION 

P r a t t  & Whitney A i r c r a f t  i s  engaged i n  a program u n d e r  NASA C o n t r a c t  

NAS3-7604 t o  i n v e s t i g a t e  v a r i a b l e  geometry i n l e t  g u i d e  vanes and s t a t o r s  

d e s i g n e d  t o  p r o v i d e  f low v e c t o r  d i a g r a m  a d j u s t m e n t  f o r  s t a b l e  compressor  

o p e r a t i o n  a t  s e a  l e v e l  t a k e o f f  and h i g h  Mach number c r u i s e  o p e r a t i n g  con- 

d i t i o n s .  One v a r i a b l e  geometry g u i d e  vane c o n f i g u r a t i o n ,  and two v a r i a b l e  

geometry s t a t o r  c o n f i g u r a t i o n s  w i l l  be d e s i g n e d  , f a b r i c a t e d ,  and t e s t e d  

a s  p a r t  o f  a t y p i c a l  f r o n t  s t a g e  i n  a 0.5 h u b l t i p  r a t i o  s i n g l e - s t a g e  

compressor  r e s e a r c h  r i g .  

A s  p a r t  o f  t h e  o v e r a l l  d e s i g n  e f f o r t  f o r  t h e  program, v a r i a b l e  

geometry f e a t u r e s  f o r  g u i d e  vanes and s t a t o r s  were a n a l y z e d  f o r  g e n e r a l  

mechanica l  f e a s i b i l i t y  and aerodynamic per formance .  Candida te  d e s i g n s  

t h a t  r e s u l t e d  from t h i s  p r e l i m i n a r y  s c r e e n i n g  were e v a l u a t e d  f o r  f i n a l  

s e l e c t i o n  by means o f  a l i m i t e d  number o f  t e s t s  i n  a n  a n n u l a r  c a s c a d e  

tunne  1. 

The v a r i a b l e  geometry s t a t o r  e v a l u a t i o n  i n v o l v e d  a se r ies  o f  t es t s  

t o  s e l e c t  t h e  geometry o f  a s l o t  t o  a i d  f low t u r n i n g  around t h e  forward 

s e c t i o n  o f  a s t a t o r  a t  t h e  r e l a t i v e l y  h i g h  i n c i d e n c e  a n g l e s  encountered  

d u r i n g  c r u i s e  o p e r a t i o n .  The s t a t o r  vanes were f i r s t  t e s t e d  w i t h o u t  

s l o t s  t o  d e t e r m i n e  t h e  chordwise  l o c a t i o n s  of  s u c t i o n  s u r f a c e  minimum 

p r e s s u r e  and boundary l a y e r  s e p a r a t i o n .  The s t a t o r  vanes were subse-  

q u e n t l y  s l o t t e d  a p p r o x i m a t e l y  h a l f w a y  between t h e s e  l o c a t i o n s .  T h i s  

s l o t  l o c a t i o n  w a s  c o n s i s t e n t  w i t h  t h e  p r e f e r r e d  s l o t  l o c a t i o n  r e l a t i v e  

t o  minimum p r e s s u r e  and s e p a r a t i o n  p o i n t s  as  de termined  u n d e r  a n o t h e r  

program (Reference  1 9 ~ ) .  

Two c a n d i d a t e  v a r i a b l e  geometry d e s i g n s  f o r  i n l e t  g u i d e  vanes  were 

t e s t e d  t o  d e t e r m i n e  which c o n c e p t  had t h e  l o w e s t  p r o f i l e  l o s s  i n  t h e  

d e s i g n  (ax ia l  f low) p o s i t i o n .  R e f e r e n c e  l o s s  d a t a  were a l s o  o b t a i n e d  

f o r  t h e  f u l l y  cambered p o s i t i o n  o f  t h e  g u i d e  v a n e s ,  which was t h e  same 

f o r  b o t h  o f  t h e  v a r i a b l e  geometry c o n c e p t s .  

YCReferences a re  found i n  Appendix D .  

11-1 
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These a n n u l a r  c a s c a d e  t es t s  were l i m i t e d  i n  e x t e n t  a n d ,  c o n s e q u e n t l y ,  

o n l y  mean r a d i u s  d a t a  were o b t a i n e d  f o r ,  e s s e n t i a l l y ,  one f low c o n d i t i o n ,  

a n g l e  o f  a t t a c k ,  and Mach number f o r  each  t y p e  o f  b l a d e  row. T h i s  r e p o r t  

p r e s e n t s  d e t a i l s  o f  t h e  t e s t  equ ipmen t ,  p r o c e d u r e s ,  and t e s t  r e s u l t s  f o r  

t h i s  a n n u l a r  c a s c a d e  s t u d y .  

11- 2 
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SECTION I11 
TES T EQUIPMENT 

A .  TEST FACILITY 

The a n n u l a r  c a s c a d e  t e s t s  were conducted  i n  t h e  compressor  r e s e a r c h  
-IC f a c i l i t y  shown i n  f i g u r e  111-1. 

w i t h  a two-s t age  e j e c t o r  sys t em t o  draw a i r  th rough  t h e  compressor  r i g .  

Flow rates up  t o  a p p r o x i m a t e l y  110 l b / s e c  were p o s s i b l e  a t  a t m o s p h e r i c  

i n l e t  p r e s s u r e .  Ambient a i r  e n t e r e d  t h e  compressor  t e s t  r i g  th rough  a 

7 8 - f o o t  i n l e t  d u c t ,  plenum chamber,  and be l lmouth  i n l e t ,  and exhaus ted  

through t h e  e j e c t o r  sys t em.  A i r f l o w  ra te  w a s  measured u s i n g  a n  ASME 

s t a n d a r d  t h i n  p l a t e  o r i f i c e  l o c a t e d  i n t h e  i n l e t  d u c t .  The i n l e t  t h r o t t l e  

v a l v e  was s e t  i n  t h e  f u l l y  open p o s i t i o n  f o r  a l l  t e s t s .  The plenum was 

s u f f i c i e n t l y  l a r g e  t o  p r o v i d e ,  e s s e n t i a l l y ,  s t a g n a t i o n  c o n d i t i o n s  ups t r eam 

o f  t h e  be l lmouth  i n l e t  t o  t h e  t e s t  r i g ,  and a 7-degree  d i f f u s e r  ahead o f  t h e  

plenum a s s u r e d  u n i f o r m  f low c o n d i t i o n s  a c r o s s  t h e  i n l e t .  The i n l e t  d u c t  

and plenum were mounted on a t r a c k ,  and cou ld  be r o l l e d  away from t h e  

compressor  r i g  i n l e t  t o  f a c i l i t a t e  c o n f i g u r a t i o n  changes ,  The plenum was 

s e a l e d  t o  t h e  compressor  r i g  i n l e t  s e c t i o n  by means o f  a n  i n f l a t a b l e  r u b b e r  

t u b e  s ea l .  

A 5 7 5  e n g i n e  was used  i n  c o n j u n c t i o n  

B.  ANNULAR CASCADE RIG 

The a n n u l a r  ca scade  r i g  i s  shown s c h e m a t i c a l l y  i n  f i g u r e s  111-2 and 

111-3 f o r  t h e  s t a t o r  and g u i d e  vane t e s t s ,  r e s p e c t i v e l y .  I n n e r  and o u t e r  

w a l l  d i a m e t e r s  a t  ax ia l  s t a t i o n s  o f  i n t e r e s t  are t a b u l a t e d  i n  t h e  f i g u r e s .  

The d e s i r e d  gas  p a t h  w a s  formed by wooden f i l l e r  s e c t i o n s .  A s p l i t  t e s t  

case p rov ided  conven ien t  a c c e s s i b i l i t y  f o r  b l a d i n g  changes  w i t h o u t  removing 

t h e  e n t i r e  r i g  f rom t h e  t e s t  s t a n d .  Both t h e  p r e w h i r l  vane and s t a t o r  

b l a d e  row a s s e m b l i e s  were d i v i d e d  i n t o  two 180-degree  s e c t i o n s .  

The t e s t  s e c t i o n  f o r  s t a t o r  e v a l u a t i o n  compr ised  a row o f  50 p r e w h i r l  

v a n e s ,  which s e t  t h e  s t a t o r  i n l e t  c o n d i t i o n s ,  and  a row o f  20 s t a t o r s ,  

which t u r n e d  t h e  f low back  t o  t h e  n e a r - a x i a l  d i r e c t i o n .  The p r e w h i r l  

vanes  were f a b r i c a t e d  from s t a i n l e s s  s t ee l  and tack-welded t o  t h e  s h r o u d s .  

The s t a t o r  and s t a t o r  sh rouds  were f a b r i c a t e d  from aluminum, and t h e  s t a t o r s  

*F igures  are p r e s e n t e d  i n  Appendix C .  
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were  p o s i t i o n e d  a t  a nominal b l a d e  chord  a n g l e  of 15.4 d e g r e e s  w i t h  

dowel p i n s  and h e l d  i n  p l a c e  w i t h  machine screws. (See f i g u r e  1 1 1 - 4 . )  

For  t h e  s l o t t e d  s t a t o r  t e s t s ,  o n l y  t h e  s t a t o r  vanes  i n  one o f  t h e  180- 

d e g r e e  s e c t i o n s  were s l o t t e d .  

F o r  t h e  v a r i a b l e  geometry gu ide  vane e v a l u a t i o n ,  t h e  t e s t  s e c t i o n  

was modi f ied  t o  p e r m i t  t h e  i n s t a l l a t i o n  of 14 o v e r s i z e  i n l e t  gu ide  v a n e s .  

The s u p p o r t  s t r u t s  and p r e w h i r l  vanes  used f o r  t h e  s t a t o r  e v a l u a t i o n  were 

removed, and t h e  t e s t  g u i d e  vane  a s sembly ,  shown i n  f i g u r e  111-5 ,  was 

i n s t a l l e d  as shown i n  f i g u r e  111-3 .  A l l  o f  t h e  g u i d e  vane c o n f i g u r a t i o n s  

were f a b r i c a t e d  from aluminum. The vane s e c t i o n s  were p o s i t i o n e d  i n  t h e  

sh rouds  w i t h  dowel p i n s  and h e l d  i n  p l a c e  w i t h  machine s c r e w s .  

F u l l y  cambered b l a d e s  were used  i n  both  h a l v e s  o f  t h e  shroud assembly  

f o r  t h e  f u l l  cambered t e s t .  The two g u i d e  vane  g e o m e t r i e s  f o r  d e s i g n  

( a x i a l  f low) c o n d i t i o n s  were e v a l u a t e d  s i m u l t a n e o u s l y  by i n s t a l l i n g  

seven  vanes  of one d e s i g n  i n  t h e  upper  h a l f  of t h e  shroud a s sembly ,  and 

s e v e n  vanes  of t h e  o t h e r  d e s i g n  i n  t h e  lower h a l f  of t h e  assembly  ( f i g -  

u r e  111-5 ) .  

One o f  t h e  se t s  o f  t e s t  s t a t o r  vanes was i n s t a l l e d ,  a s  shown i n  f i g -  

u r e  111-3 ,  t o  m a i n t a i n  c o n c e n t r i c i t y  o f  t h e  f low p a t h  f o r  t h e  g u i d e  vane 

t e s t s .  

C .  B L A D I N G  D E S I G N  

1. S t a t o r  

The s t a t o r  c o n f i g u r a t i o n  f o r  s l o t  e v a l u a t i o n  ( f i g u r e  111-6)  was i n t e n d e d  

t o  i n v e s t i g a t e  t h e  e f f e c t i v e n e s s  o f  a forward  s l o t  i n  r e d u c i n g  t h e  l e a d i n g  

edge s e p a r a t i o n .  A c o n v e n t i o n a l  6 5 - s e r i e s  a i r f o i l  (65-1 .6-09)  s e c t i o n  

des igned  w i t h  a l o a d i n g  l e v e l  r e p r e s e n t a t i v e  of t h e  upper  l i m i t  o f  c u r r e n t  

d e s i g n  p r a c t i c e  w a s  s e l e c t e d  f o r  t h i s  pu rpose .  A 6 .55- inch  s t a t o r  chord  

w a s  used t o  p e r m i t  i n s t a l l a t i o n  o f  s t a t i c  p r e s s u r e  i n s t r u m e n t a t i o n  and 

t o  f a c i l i t a t e  d imens iona l  c o n t r o l  o f  s l o t  geometry.  The s t a t o r  vanes 

had a c o n s t a n t  e q u i v a l e n t  c i r c u l a r  a r c  camber of 38 .85  d e g r e e s  from hub 

t o  t i p ,  and were u n t w i s t e d .  C a l c u l a t e d  mean-rad ius  v a l u e s  o f  D - f a c t o r  

l o a d i n g ,  i n l e t  Mach number, and i n c i d e n c e  were 0 . 6 1 ,  0 . 5 0 ,  and 15 .6  d e g r e e s ,  

res pe c t i  ve 1 y . 
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The p r e w h i r l  vanes  t h a t  were used  t o  se t  t h e  s t a t o r  i n l e t  c o n d i t i o n s  

were d e s i g n e d  f o r  t u r n i n g  a n g l e s  o f  5 1 . 6  d e g r e e s  a t  t h e  hub t o  4 9 . 3  d e g r e e s  

a t  t h e  t i p .  NASA 6 3 - s e r i e s  a i r f o i l  s e c t i o n s  were s e l e c t e d  t o  p r o v i d e  t h e  

r e l a t i v e l y  h i g h  t u r n i n g  a n g l e s .  

Deta i l s  o f  t h e  s t a t o r  and p r e w h i r l  vane d e s i g n s  are  g i v e n  i n  

t a b l e  111-1. 

2 .  V a r i a b l e  Geometry Guide Vane 

The two c a n d i d a t e  v a r i a b l e  geometry gu ide  vane c o n c e p t s ,  shown i n  

f i g u r e  1 1 1 - 6 ,  were d e s i g n e d  t o  p r o v i d e  a p p r o x i m a t e l y  30 -degree  r o t o r  

p r e w h i r l  a t  t h e  s i m u l a t e d  h i g h  Mach number c r u i s e  c o n d i t i o n s ,  and z e r o  

r o t o r  p r e w h i r l  a t  d e s i g n  ( s i m u l a t e d  sea l e v e l  t a k e o f f )  c o n d i t i o n s .  The 

6 3 - s e r i e s  a i r f o i l  s e c t i o n  was s e l e c t e d  t o  accompl i sh  t h e  r e l a t i v e l y  h i g h  

t u r n i n g  f o r  c r u i s e  c o n d i t i o n s .  The gu ide  vanes  were d e s i g n e d  w i t h  a 

c o n s t a n t  camber of 72.8 d e g r e e s  ( d e f i n e d  by t a n g e n t s  t o  t h e  mean camber 

l i n e  a t  0 .5  and 95% c h o r d )  and a chord  l e n g t h  of 5 .48  i n c h e s  t o  e n s u r e  

a s u f f i c i e n t l y  l a r g e  wake f o r  a c c u r a t e  q u a n t i t a t i v e  e v a l u a t i o n .  Des ign  

d a t a  f o r  t h i s  ser ies  a i r f o i l  was o b t a i n e d  from R e f e r e n c e  2 .  Vane row 

s o l i d i t y  (0.744 a t  t h e  hub t o  0 .599  a t  t h e  t i p )  was commensurate w i t h  

t h e  r o t a t i n g  c a s c a d e  program g u i d e  vane d e s i g n .  O t h e r  d e t a i l s  o f  t h e  

g u i d e  vane d e s i g n  are  p r e s e n t e d  i n  t a b l e  111-1. 

Tab le  111-1. Summary o f  Des ign  Data f o r  P r e w h i r l  Vane, 
T e s t  S t a t o r ,  and T e s t  Guide Vane 

S e r i e s  A i r f o i l  

Chord ( i n . )  

Thickness R a t i o  

Camber (deg) 

I n l e t  Metal  Angle (deg) 

E x i t  Metal  Angle (deg) 

Aspect R a t i o  

Blade Chord Angle (deg) 

S o l i d i t y  

I n l e t  Absolute Mach Number 

I n l e t  Absolute A i r  Angle (deg) 

E x i t  Absolute A i r  Angle (deg) 

D i f f u s i o n  F a c t o r  

Loss C o e f f i c i e n t  

Devia t ion  (deg) 

PREWHIRL VANE 
HUB MEAN n p  

6 3  

3.00 

0.06 

72.8 

-18.2 

54.6 

1.306 

35.7 

1.412 

0.271 

0.0 

51.6 

6 3  

3.00 

0.06 

72.8 

-18.2 

54.6 

1.306 

35.7 

1.294 

0.271 

0.0 

50.4 

6 3  

3.00 

0.06 

72.8 

-18.2 

54.6 

1.306 

35.7 

1.200 

0.271 

0.0 

49.3 
-- _-  -- 
0.139 0.139 0.139 

3 .0  4 .2  5 . 3  

111 -3  

HUB 

65 

6.55 

0.09 

38.8 

34.8 

-4.0 

0.554 

1 5 . 4  

1.234 

0.528 

51.6 

8.6 

0.622 

0.190 

12.6 

STATOR 
MEAN n p  

65 65  

6 .55  6.55 

0.09 0.09 

38 .8  38.8 

34.8 34 .8  

-4 .0  -4 .0  

0.554 0.554 

15.4 15.A 

1.137 1.354 

0.499 0.A77 

50.4 49.3 

7 .6  7 .3  

0.607 0.589 

0.210 0.228 

11.6 11.8 

GUIDE VANE 

HUB MEAN TIP 

6 3  

5.46 

0.09 

72 .8  

-31.9 

40.9 

0.92 

22 .0  

0.744 

0.214 

0.0 

30.0 
-- 

0.139 

10.9 

6 3  

5.46 

0.09 

72.8 

-31.9 

40.9 

0.92 

22.0 

0.660 

0.214 

0.0 

30.0 
- -  

0.139 

10.9 

6 3  

5.46 

0.09 

72.8 

-31.9 

40.9 

0.92 

22.0 

0.599 

0.214 

0.0 

30.0 
-_  

0.139 

10.9 
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D . INSTRUMENTATION 

I n s t r u m e n t a t i o n  f o r  t h e  s t a t o r  and i n l e t  g u i d e  vane  t e s t  programs 

was p rov ided  p r i m a r i l y  f o r  t h e  measurement of mean r a d i u s  wake p r o f i l e s ,  

cho rdwise  p r e s s u r e  d i s t r i b u t i o n ,  and i n l e t  and e x i t  a i r  a n g l e s .  The 

a x i a l  l o c a t i o n s  o f  i n s t r u m e n t a t i o n  s t a t i o n s  a r e  shown i n  f i g u r e  111-2 f o r  

t h e  s t a t o r  e v a l u a t i o n  t e s t s ,  and i n  f i g u r e  111-3 f o r  t h e  g u i d e  vane  

e v a l u a t i o n  t e s t s .  The two i n s t r u m e n t a t i o n  s t a t i o n s  of p r imary  conce rn  

f o r  t h e  s t a t o r  t es t s  were 2 and 3A. S t a t i o n  2 was l o c a t e d  j u s t  ahead  of 

t h e  t e s t  s t a t o r s , a n d  s t a t i o n  3 A  was abou t  112 chord  l e n g t h  downstream of 

t h e  s t a t o r s .  An i n s t r u m e n t a t i o n  l a y o u t  of t h e  t e s t  s e c t i o n  f o r  t h e  s t a t o r  

program i s  shown i n  f i g u r e  111-7 .  

o f  t h e  t e s t  s e c t i o n  was t h e  plenum chamber and t h e  e x i t  was s t a t i o n  0. 

An i n s t r u m e n t a t i o n  l a y o u t  f o r  t h e  g u i d e  vane  t e s t  s e c t i o n  i s  shown i n  

f i g u r e  111-8. 

For  t h e  g u i d e  vane  program, t h e  i n l e t  

Weight f low f o r  bo th  t e s t  programs was measured by means of a n  ASME 

s t a n d a r d  t h i n  p l a t e  o r i f i c e  l o c a t e d  i n  t h e  i n l e t  d u c t .  

Plenum p r e s s u r e  and t e m p e r a t u r e s  were  measured by means of  s i x  w a l l  

p r e s s u r e  t a p s  and  s i x  t o t a l  t e m p e r a t u r e  p r o b e s .  

1. S t a t o r  Program I n s t r u m e n t a t i o n  

S t a t o r  i n l e t  c o n d i t i o n s  were measured a t  s t a t i o n s  1 and 2 .  S e c t i o n  

views o f  t h e  f low p a t h  a t  s t a t i o n s  1 and 2 showing t h e  c i r c u m f e r e n t i a l  l o c a -  

t i o n  o f  t h e  i n s t r u m e n t a t i o n  a r e  p r e s e n t e d  i n  f i g u r e  111-9 .  A t  s t a t i o n  2 ,  

i n l e t  a i r  a n g l e  measurements were o b t a i n e d  a t  t h r e e  c i r c u m f e r e n t i a l  l o c a t i o n s  

w i t h  20-degree wedge t r a v e r s e  p r o b e s .  Three  K i e l  p robes  measured midspan 

t o t a l  p r e s s u r e .  Three  s t a t i c  p r e s s u r e  t a p s  were l o c a t e d  on t h e  o u t e r  w a l l  

and t h r e e  on t h e  i n n e r  w a l l  o f  s t a t i o n  2 .  A 20-degree wedge t r a v e r s e  probe  

was a l s o  l o c a t e d  a t  midspan-midchannel,  a p p r o x i m a t e l y  112 chord  l e n g t h  down- 

s t r e a m  o f  t h e  i n l e t  g u i d e  vane  row ( s t a t i o n  1). 

S t a t o r  e x i t  c o n d i t i o n s  were measured a t  s t a t i o n  3 A  ( f i g u r e  1 1 1 - 9 ) .  A 

s e c t i o n  v i ew o f  t h e  f low p a t h  a t  t h i s  s t a t i o n  i s  shown i n  f i g u r e  111-9. Four  

20-degree wedge t r a v e r s e  p robes  were used f o r  s t a t o r  e x i t  a i r  a n g l e  measure- 

ment ,  and fou r  K i e l  p r o b e s  were used f o r  midspan t o t a l  p r e s s u r e  measure- 

ment.  Two 16- tube  r a k e s  were used f o r  midspan s t a t o r  wake t o t a l  p r e s s u r e  

111-4 
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measurements .  E i g h t  s t a t i c  p r e s s u r e  t a p s  were l o c a t e d  a round  t h e  o u t e r  

w a l l  t o  d e t e c t  t h e  p r e s e n c e  o f  f low n o n u n i f o r m i t y  t h a t  might  o c c u r  as a 

r e s u l t  of h a v i n g  u n s l o t t e d  s t a t o r s  i n  t h e  lower h a l f  o f  t h e  t e s t  s e c t i o n ,  

Two s t a t i c  t a p s  were l o c a t e d  on t h e  i n n e r  w a l l .  

Three  t e s t  s t a t o r s ,  d e s i g n a t e d  A ,  B ,  and C ,  l o c a t e d  i n  t h e  t es t  

s e c t i o n ,  as shown i n  f i g u r e  1 1 1 - 7 ,  were i n s t r u m e n t e d  w i t h  s t a t i c  p r e s -  

s u r e  t a p s  t o  p r o v i d e  chordwise  p r e s s u r e  measurement.  The c h o r d a l  

l o c a t i o n s  o f  t h e  t a p s  f o r  t h e  u n s l o t t e d  and t h r e e  s l o t t e d  vane  c o n f i g u -  

r a t i o n s  ( d e s i g n a t e d  c o n f i g u r a t i o n s  1 th rough  4 ,  r e s p e c . t i v e l y )  a re  g iven  

i n  t a b l e  111-2 .  A l l  t a p s  were l o c a t e d  a t  50% s p a n .  The l o c a t i o n  o f  t a p s  

i n  t h e  s l o t  r e g i o n  f o r  c o n f i g u r a t i o n s  2 ,  3, and 4 i s  shown i n  f i g u r e  111-10. 

T a b l e  111-2. S l o t t e d  S t a t o r  Vane P r e s s u r e  
Tap L o c a t i o n s ,  P e r c e n t  of Chord 

CONFIGURATION 

Tap No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14  
15 

PRESSURE 
SURFACE 

1 - 4  

Vane B 

4.74* 
10.24- 
1 6 .  80*** 
2 1.85**** 
25.03 

30.06 
35.07 
40.08 
45.10 
50.11 

55.12 
60.13 
65.14 
70.15 
75.16 

I 

Vane C 

7 .49  
12.07 

17.26 
25.05 

30.06 
35.07 
40.08 
45 .10  
50.02 

55.12 
60.13 
65.14 
70.15 
75.16 

SUCTION SURFACE 

2 

Vane C 

7 . 4 9  
12.09 
17.26 
18.34 
20.04 

25.05 
30.06 
35.07 
40.08 
45.10 

50.02 
55.12 
60.13 
65.14 
70.15 

3 

Vane A 

7.03 
12.09 
17.26 
22.30 
25.21 

30.06 
35.07 
40.08 
45.25 
50.11 

55.12 
60.13 
65.14 
70.15 
75.16 

4 

Vane C 

7.03 
12.09 
17.26 
18.56 
20.04 

25.05 
30.06 
35.07 
40.08 
45.25 

55.12 
60.13 
65.14 
70.15 
75.16 

16 80.17 80.17 75.16 80.17 80.17 

18 90.19 90.30 85.18 90.19 90.19 
19 95.20 95.20 95.20 9 5 . 2 0  95.20 

17 85.18 85.18 80.19 8 5 . 1 8  85.18 

Vanc A 

20 3.40 
21 9.03 
22 11.90 
23 20.01 
24 22.58 

25 27.56 
26 32.57 
27 37.88 
28 42.59 
29 47.60 

30 52.70 
31 57.62 
32 62.63 
33 67.64 
34 72.65 

35 77.66 
36 82.67 
37 87.68 
38 92.70 

For Conf igurat ion  3 :  * = 4.28 
** = 9.40 *** = 11.92 

****= 22.61 

111-5  

Vane A 

3.36 
9.01 

11.92 
20.01 
20.01 

22.58 
27.56 
32.57 
37.88 
42.59 

47.60 
57.62 
62.63 
67.64 
72.65 

77166 
82.67 
87.68 
92.70 

Vane C 

5.96 
11.61 
16.65 
18.84 
24.75 

27.56 
32.57 
37.88 
42.59 
47 .60 

52 .61  
57.62 
62.63 
67.64 
72.65 

77.66 
82.67 
87.68 
92.70 

Vane A 

3.36 
9.20 

12.08 
19.32 
20.39 

22.58 
27.56 
32.57 
37.88 
42 .59  

52.61 
57.62 
62.63 
67.64 
72.65 

77.66 
82.67 
87.68 
92.70 
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2 .  Guide Vane Program I n s t r u m e n t a t i o n  

A s e c t i o n  v iew o f  t h e  f low p a t h  a t  t h e  g u i d e  vane e x i t  s t a t i o n  

( s t a t i o n  0) showing the  c i r c u m f e r e n t i a l  l o c a t i o n  o f  the i n s t r u m e n t a t i o n  

f o r  t h e  d e s i g n  ( a x i a l  f l ow)  and c r u i s e  gu ide  vane  c o n f i g u r a t i o n s  i s  

g i v e n  i n  f i g u r e  111-11. F o r  t h e  a x i a l  f l ow t e s t ,  a i r  a n g l e  measurements 

were o b t a i n e d  a t  f o u r  c i r c u m f e r e n t i a l  l o c a t i o n s  w i t h  20-degree wedge 

t r a v e r s e  p r o b e s .  Four K i e l  p robes  were used f o r  midspan t o t a l  p r e s s u r e  

measurement.  Two wake probes  were used t o  measure t o t a l  p r e s s u r e  d i s -  

t r i b u t i o n  behind  the  v e n e t i a n  b l i n d  g u i d e  vane  c o n f i g u r a t i o n .  One wake 

probe was u t i l i z e d  behind  t h e  v a r i a b l e  camber gu ide  vane  c o n f i g u r a t i o n .  

The wake p r o b e s  were s e t  p e r p e n d i c u l a r  t o  t h e  r i g  c e n t e r l i n e .  

Fo r  t h e  c r u i s e  g u i d e  vane geometry t e s t ,  a i r  a n g l e  was measured a t  

two c i r c u m f e r e n t i a l  l o c a t i o n s  w i t h  20-degree wedge p r o b e s .  Midspan t o t a l  

p r e s s u r e  measurements were o b t a i n e d  w i t h  two K i e l  p r o b e s .  Two wake 

p robes  were used t o  measure t h e  gu ide  vane  e x i t  t o t a l  p r e s s u r e  p r o f i l e .  

The wake p robes  were s e t  a t  a n  a n g l e  p e r p e n d i c u l a r  t o  t h e  e x p e c t e d  a i r  

e x i t  a i r  a n g l e .  

Three  s t a t i c  p r e s s u r e  t a p s  were l o c a t e d  on b o t h  the  i n n e r  and o u t e r  

w a l l s  f o r  e a c h  c o n f i g u r a t i o n .  

3 .  D e s c r i p t i o n  of Probes  

D e t a i l s  o f  t h e  20-degree wedge, K i e l ,  and wake p robes  a r e  shown i n  

f i g u r e  111-12 .  The wedge probe c o n t a i n e d  s i d e  p r e s s u r e  p i ckups  f o r  a i r -  

f l o w  a n g l e  measurement and t o t a l  p r e s s u r e  and t e m p e r a t u r e  sensors .  

The s t a t o r  wake p r o b e s  c o n t a i n e d  16  t o t a l  p r e s s u r e  t u b e s ,  and t h e  

gu ide  vane  wake p robes  c o n t a i n e d  20 t o t a l  p r e s s u r e  t u b e s .  The p r e s s u r e  

t u b e s  were 0.042-inch (OD) hypo t u b i n g  spaced  a s  shown i n  f i g u r e  111-12 .  

4 .  I n s t r u m e n t a t i o n  Readout 

A l l  p r e s s u r e  and a i r  a n g l e  d a t a  were a u t o m a t i c a l l y  r e c o r d e d .  T r a v e r s e  

probe  d a t a  ( t o t a l  p r e s s u r e  and a i r  a n g l e )  were r eco rded  on magne t i c  t a p e  

a t  t h e  r a t e  o f  60 samples ( 2 . 5  i n c h e s  probe t r a v e l )  p e r  minu te .  S t eady-  

s t a t e  p r e s s u r e  measurements were o b t a i n e d  u s i n g  a S c a n n i v a l v e  m u l t i -  

channe l  p r e s s u r e  t r a n s d u c e r  sys t em t h a t  p rov ided  a u t o m a t i c  d a t a  r e c o r d i n g  

on I B M  c a r d s .  Tempera tures  were r ead  on a p r e c i s i o n  p o t e n t i o m e t e r ,  and 

manual ly  r e c o r d e d  on IBM c a r d s .  

111-6 
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Plenum c o n d i t i o n s  and f low measuring o r i f i c e  measurements were a l s o  

r eco rded  on manometer t u b e s  i n  t h e  t e s t  s t a n d  c o n t r o l  room t o  p e r m i t  

s e t t i n g  t h e  d e s i r e d  o p e r a t i n g  c o n d i t i o n s .  

111-7 
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SECTION I V  
PROCEDURES 

A .  TEST PROCEDURE 

1. S t a t o r  Program 

A t e s t  was conducted  i n i t i a l l y  w i t h  u n s l o t t e d  s t a t o r s  t o  o b t a i n  s u c t i o n  

s u r f a c e  p r e s s u r e  d i s t r i b u t i o n  t o  a i d  i n  s e l e c t i n g  s l o t  l o c a t i o n  and t o  

o b t a i n  per formance  d a t a  f o r  comparison w i t h  t h e  s l o t t e d  s t a t o r  performance 

d a t a .  To minimize f a b r i c a t i o n  f o r  t h e  s l o t t e d  t e s t s ,  o n l y  t h e  s t a t o r  

vanes i n  t h e  u p p e r  h a l f  of t h e  a n n u l u s  were s l o t t e d .  The c i r c u m f e r e n t i a l  

d i s t r i b u t i o n  o f  w a l l  s t a t i c  p r e s s u r e  o b t a i n e d  w i t h  s l o t t e d  s t a t o r s  i n  t h e  

upper  h a l f  o f  t h e  a n n u l u s  and u n s l o t t e d  s t a t o r s  i n  t h e  lower h a l f  was n o t  

a p p r e c i a b l y  d i f f e r e n t  from t h e  p r e s s u r e  d i s t r i b u t i o n  o b t a i n e d  i n i t i a l l y  

w i t h  u n s l o t t e d  s t a t o r s .  T h e r e f o r e ,  i t  was c o n s i d e r e d  a d e q u a t e  t o  s l o t  

o n l y  h a l f  o f  t h e  t e s t  vanes f o r  t h i s  p r e l i m i n a r y  s l o t  c o n f i g u r a t i o n  

i n v e s t i g a t i o n .  A comparison o f  w a l l  s t a t i c  p r e s s u r e s  a t  t h e  s t a t o r  ex i t  

w i t h  and w i t h o u t  s l o t t e d  s t a t o r s  i n  t h e  u p p e r  h a l f  o f  t h e  t e s t  s e c t i o n  i s  

shown i n  f i g u r e  I V - 1 .  A t a b u l a t i o n  o f  t h e  w a l l  s t a t i c  p r e s s u r e  v a l u e s  i s  

p r e s e n t e d  i n  t a b l e  I V - 1  i n  Appendix B.  

The s t a t o r  t e s t s  were conducted a t  a n  approximate  s t a t o r  i n l e t  Mach number 

o f  0.50 and a c o r r e s p o n d i n g  c o r r e c t e d  w e i g h t  f low o f  70.5 l b / s e c .  Flow 

c o n d i t i o n s  w e r e  s e t  by c o n t r o l l i n g  t h e  575 slave e n g i n e  e x h a u s t  f low through 

t h e  e j e c t o r  system. When s t e a d y - s t a t e  f low c o n d i t i o n s  were e s t a b l i s h e d ,  

f i x e d  i n s t r u m e n t a t i o n  d a t a  were r e c o r d e d ,  u s i n g  t h e  S c a n n i v a l v e  sys tem.  

The traverse probes  were t h e n  a c t u a t e d ,  fo l lowed by a second r e c o r d i n g  

o f  f i x e d  i n s t r u m e n t a t i o n .  

2 .  Guide Vane Program 

The i n l e t  g u i d e  vane program c o n s i s t e d  o f  two t e s t s .  The f i r s t  t e s t  

was conducted  w i t h  s i m u l a t e d  c r u i s e  geometry g u i d e  vanes  t o  d e t e r m i n e  

i f  t h e  vane c o u l d  a c h i e v e  t h e  d e s i r e d  a i r  t u r n i n g  w i t h  a r e a s o n a b l y  

low p r o f i l e  l o s s .  The second t e s t  w a s  conducted t o  compare t h e  t o t a l  

p r e s s u r e  l o s s e s  o f  t h e  v a r i a b l e  camber and v e n e t i a n  b l i n d  vanes f o r  t h e  

ax ia l  f low c o n d i t i o n .  The v e n e t i a n  b l i n d  vanes were i n s t a l l e d  i n  t h e  t o p  

h a l f  o f  t h e  vane shroud and t h e  v a r i a b l e  geometry vanes were i n s t a l l e d  

i n  t h e  bot tom h a l f .  

I V -  1 
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The g u i d e  vane i n l e t  Mach numbers were a p p r o x i m a t e l y  0 .22  and 0.30, 

r e s p e c t i v e l y ,  f o r  t h e  c r u i s e  geometry and a x i a l  f low geometry t e s t s .  The 

p rocedure  f o r  g u i d e  vane  t e s t s  was t h e  same a s  t h a t  f o r  s t a t o r  t e s t s .  

B .  DATA REDUCTION PROCEDURE 

1. P r e l i m i n a r y  Data Reduc t ion  

An IBM computer progsam w a s  used  t o  c o n v e r t  magne t i c - t ape - reco rded  

d a t a  and d a t a  r e c o r d e d  on IBM c a r d s  t o  e n g i n e e r i n g  u n i t s .  T r a v e r s e  d a t a  

( t o t a l  p r e s s u r e ,  t o t a l  t e m p e r a t u r e ,  and a i r  a n g l e )  , o b t a i n e d  a t  a p p r o x i -  

m a t e l y  0 .04 - inch  i n c r e m e n t s  a c r o s s  t h e  s p a n ,  were a u t o m a t i c a l l y  p l o t t e d  

( a s  w e l l  as t a b u l a t e d ) .  The t a b u l a t e d  d a t a  were used t o  s e l e c t  midspan 

v a l u e s  o f  t o t a l  p r e s s u r e  and a i r  a n g l e .  The p l o t t e d  d a t a  were i n s p e c t e d  

f o r  g e n e r a l  p r o f i l e  s h a p e ,  as w e l l  a s  f o r  i n l e t  g u i d e  vane  wake and 

secondary  f low i n f l u e n c e s .  

2 .  Pa rame te r  C a l c u l a t i o n  

The f o l l o w i n g  p a r a m e t e r s  were c a l c u l a t e d  f o r  t h e  a n a l y s i s  of t e s t  d a t a  

and t h e  e v a l u a t i o n  o f  s l o t t e d  s t a t o r  and v a r i a b l e  geometry gu ide  vane p e r -  

formance. These  pa rame te r s  were c a l c u l a t e d  from midspan d a t a .  Symbols are  

d e f i n e d  i n  Appendix A .  

a .  S t a t i c  P r e s s u r e  C o e f f i c i e n t  

S t a t o r  vane  s u r f a c e  s t a t i c  p r e s s u r e  measurements are  p r e s e n t e d  i n  

t h e  form o f  p r e s s u r e  c o e f f i c i e n t s  , d e f i n e d  a s  f o l l o w s :  

where  : 

p j  = l o c a l  vane  s u r f a c e  p r e s s u r e  

P2 = a r i t h m e t i c a l  a v e r a g e  o f  w a l l  s t a t i c  p r e s s u r e s  
- 

ups t r eam o f  s t a t o r  ( s t a t i o n  2) 

- Y  = - Y M  2 
42 2 2 2  

Y = 1.40 

and 

F2 = a r e a - a v e r a g e  t o t a l  p r e s s u r e  a t  s t a t i o n  2 
(midspan) 

IV- 2 
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b .  T o t a l  P r e s s u r e  Loss  C o e f f i c i e n t  

T o t a l  p r e s s u r e  l o s s  c o e f f i c i e n t  i s  d e f i n e d  a s  

P - Pd 

qU 

U - 
a =  - 

where : 
- 
P = a r e a - a v e r a g e  t o t a l  p r e s s u r e  ups t r eam of vane row 

U (midspan) 

(midspan) 

2 2 2  

- 
P = a r e a - a v e r a g e  t o t a l  p r e s s u r e  downstream o f  vane row 

qu = 1 jj M~ f o r  s t a t o r  vane rows 

p2 = a r i t h m e t i c a l  a v e r a g e  o f  i n n e r  and o u t e r  w a l l  s t a t i c  

d 

- 

- 
p r e s s u r e  a t  s t a t i o n  2. 

F o r  t h e  g u i d e  v a n e s ,  i n l e t  dynamic p r e s s u r e  (q ) w a s  o b t a i n e d  as a 
U 

f u n c t i o n  of i n l e t  Mach number, which was de te rmined  from i s e n t r o p i c  f low 

r e l a t i o n s h i p s  u s i n g  measured w e i g h t  f l o w ,  plenum p r e s s u r e ,  t e m p e r a t u r e ,  

and t h e  a p p r o p r i a t e  f low area. Area a v e r a g i n g  was c o n s i d e r e d  s u f f i c i e n t l y  

a c c u r a t e  f o r  compar ison  pu rposes .  

d .  S t a t o r  D i f f u s i o n  F a c t o r  

S t a t o r  d i f f u s i o n  f a c t o r  i s  d e f i n e d  as :  

where  : 

V2 = v e l o c i t y  a t  i n l e t  t o  s t a t o r  ( s t a t i o n  2)  

V3A = v e l o c i t y  a t  e x i t  o f  s t a t o r  ( s t a t i o n  3A) 

= change i n  t a n g e n t i a l  v e l o c i t y  a c r o s s  t h e  s t a t o r .  "e 2 - 3 ~  

IV- 3 
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e .  S t a t o r  L i f t  C o e f f i c i e n t  

L i f t  c o e f f i c i e n t  i s  d e f i n e d  a s :  

L 

where : 

= s t a t i c  p r e s s u r e  on p r e s s u r e  s u r f a c e  

= s t a t i c  p ressure  on s u c t i o n  s u r f a c e  
pP 
PS 

c = s t a t o r  chord  l e n g t h  

8, = dynamic p r e s s u r e  a t  s t a t i o n  2 a s  d e f i n e d  i n  t h e  
p r e c e d i n g  pa rag raph .  

The p r e s s u r e  t imes  area term, (pp - p s ) d c ,  was o b t a i n e d  by manual i n t e g r a -  

t i o n  o f  t h e  s t a t i c  p r e s s u r e  d i s t r i b u t i o n s .  Each s e c t i o n  of t h e  s l o t t e d  

s t a t o r s  w a s  t r e a t e d  as a s e p a r a t e  a i r f o i l  f o r  t h e  i n t e g r a t i o n .  

f. A i r  T u r n i n g  

Because o f  t h e  i n f l u e n c e  o f  vane  wakes and secondary  f l o w s ,  t h e  a i r  

a n g l e  measurements a t  midspan f o r  d i f f e r e n t  p robes  a t  a p a r t i c u l a r  s t a t i o n  

v a r i e d  by s e v e r a l  d e g r e e s .  E v a l u a t i o n  of t h e  e f f e c t  o f  s l o t s  on t u r n i n g  

a n g l e  w a s  t h e r e f o r e  based on a s t u d y  o f  i n d i v i d u a l  p robes  s e l e c t e d  on t h e  

b a s i s  of t h e i r  p r o x i m i t y  t o  wakes and t h e  u n i f o r m i t y  o f  i n d i c a t e d  p r e s s u r e  

and a n g l e  p r o f i l e s  i n  t h e  midspan r e g i o n .  

IV-4  
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SECTION V 
RESULTS AND DISCUSSION 

The o b j e c t i v e s  o f  t h i s  p r e l i m i n a r y  a n n u l a r  c a s c a d e  program were t o  

e s t a b l i s h  t h e  f e a s i b i l i t y  o f  a l e a d i n g  edge s t a t o r  s l o t  t o  a i d  t h e  f low 

t u r n i n g  o v e r  t h e  l e a d i n g  edge  a t  a r e l a t i v e l y  h i g h  i n c i d e n c e  a n g l e  and t o  

o b t a i n  q u a l i t a t i v e  comparison o f  two c a n d i d a t e  v a r i a b l e  geometry  i n l e t  

g u i d e  vane d e s i g n s .  A l i m i t e d  number o f  s l o t  c o n f i g u r a t i o n s  w e r e  

e v a l u a t e d  t o  p r o v i d e  s l o t  geometry g u i d e l i n e s .  C o n s i s t e n t  w i t h  t h e s e  

o b j e c t i v e s ,  methods t o  improve t h e  q u a l i t y  o f  t h e  f l o w ,  a n d ,  t h e r e b y ,  

t h e  d a t a ,  were n o t  c o n s i d e r e d .  

A .  STATOR EVALUATION 

1. Uns l o t t e d  Blade  Performance 

a .  P r e w h i r l  Vane 

Midspan a i r  a n g l e  measurements a t  t h e  s t a t o r  i n l e t  a r e  summarized i n  

t a b l e  V - 1  i n  Appendix B. The ave rage  of t h e  a i r  a n g l e s  i n d i c a t e d  f o r  t h e  

s i n g l e  p robe  a t  s t a t i o n  1 i s  49.2  d e g r e e s ,  compared w i t h  a d e s i g n  a i r  ang le  

o f  50.4 d e g r e e s .  The d i f f e r e n c e s  i n  a i r  a n g l e  measurements o b t a i n e d  w i t h  

t h e  t h r e e  p r o b e s  a t  s t a t i o n  2 a r e  a t t r i b u t e d  t o  t h e  p r o x i m i t y  o f  t h e s e  

p robes  t o  p r e w h i r l  vane wakes and t h e  s t a t o r  l e a d i n g  e d g e s .  An a n g l e  o f  

49.2 d e g r e e s  r e s u l t s  i n  a s t a t o r  i n c i d e n c e  o f  abou t  14.4  d e g r e e s  compared 

t o  t h e  d e s i g n  v a l u e  o f  15 .6  d e g r e e s .  Th i s  a v e r a g e  a n g l e  i s  i n  good a g r e e -  

ment w i t h  the  a v e r a g e  p r e w h i r l  vane  e x i t  a i r  a n g l e  o b t a i n e d  f o r  t h i s  p r e -  

w h i r l  vane  under t h e  p r e v i o u s  t e s t  program ( R e f e r e n c e  1). The p r e w h i r l  

v a n e  wake t o t a l  p r e s s u r e  l o s s  was a l s o  documented under  a p r e v i o u s  t e s t  

program (Refe rence  1 ) .  Because t h e  p r e w h i r l  vane i n l e t  Mach number f o r  

t h e  p r e s e n t  program and t h e  p r e v i o u s  program were a p p r o x i m a t e l y  t h e  same , 
e s t a b l i s h e d  p r e w h i r l  vane  l o s s  was used  t o  o b t a i n  s t a t o r  i n l e t  t o t a l  

p r e s s u r e  f o r  t h e  p r e s e n t  a n a l y s i s .  

b .  S t a t o r  

The p r e s s u r e  c o e f f i c i e n t  (C,) d i s t r i b u t i o n  f o r  u n s l o t t e d  s t a t o r  c o n f i g u r a -  

t i o n  1 i s  p r e s e n t e d  i n  f i g u r e  V-1 .  Table  V-2 i n  Appendix B l i s t s  t h e  p r e s s u r e  

c o e f f i c i e n t s  f o r  t h i s  c o n f i g u r a t i o n .  I t  can  be s e e n  i n  f i g u r e  V-1  t h a t  

V- 1 
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t h e  p r e s s u r e  c o e f f i c i e n t  c u r v e  b e g i n s  t o  f l a t t e n  o u t  a t  a p p r o x i m a t e l y  50% 

chord on t h e  s u c t i o n  s u r f a c e ,  which i n d i c a t e s  a p p a r e n t  f low s e p a r a t i o n  

a t  t h i s  c h o r d a l  l o c a t i o n .  Th i s  r e s u l t  was c o r r o b o r a t e d  by f low p a t t e r n s  

o b t a i n e d  by means o f  i n j e c t i n g  dye  th rough  s t a t i c  p r e s s u r e  t a p s  on t h e  

s u c t i o n  s u r f a c e .  

The midspan wake t o t a l  p r e s s u r e  p r o f i l e  f o r  t h e  u n s l o t t e d  s t a t o r  c o n f i g u r a -  

t i o n  i s  shown i n  f i g u r e  V - 2  i n  Appendix B .  

i n  t a b l e  V - 3  i n  Appendix B .  

0 . 2 2 4 ,  which r e f l e c t s  t h e  observed  s u c t i o n  s u r f a c e  boundary  l a y e r  s e p a r a t i o n .  

The D - f a c t o r  l o a d i n g  f o r  t h e  u n s l o t t e d  s t a t o r  was 0 . 4 8 ,  compared w i t h  

T o t a l  p ressure  d a t a  a r e  p r e s e n t e d  

The lo s s  c o e f f i c i e n t  f o r  t h i s  c o n f i g u r a t i o n  was 

a d e s i g n  v a l u e  o f  0 . 6 0 7 .  This  d i f f e r e n c e  i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  

s t a t o r  i n c i d e n c e  w a s  1.5  d e g r e e s  less  t h a n  p r e d i c t e d ,  and t h a t  end-wa l l  

boundary l a y e r  b u i l d u p  i n  t h e  r e l a t i v e l y  l o n g  s t a t o r  chord  l e n g t h  caused  

a r e l a t i v e l y  h i g h e r  midspan e x i t  v e l o c i t y  t h a n  p r e d i c t e d .  Midspan e x i t  

a i r  a n g l e s  f o r  t h e  u n s l o t t e d  s t a t o r  c o n f i g u r a t i o n  a r e  l i s t e d  i n  t a b l e  V - 4 .  

The a i r  a n g l e  measurements a t  t h e  c i r c u m f e r e n t i a l  l o c a t i o n s  of 228.5 and 

328.8  d e g r e e s  showed c o n s i d e r a b l e  d i sag reemen t  w i t h  each  o t h e r  and w i t h  

t h e  c o n s i s t e n t  a n g l e  measurements o b t a i n e d  a t  c i r c u m f e r e n t i a l  l o c a t i o n s  

o f  24 .4  and 65 .8  d e g r e e s .  The probe  r e a d i n g s  a t  c i r c u m f e r e n t i a l  l o c a t i o n s  

o f  228.5 and 328.8  d e g r e e s  were t h e r e f o r e  n o t  used t o  o b t a i n  an  a v e r a g e  

e x i t  a i r  a n g l e .  

r ema in ing  two probes  i s  8 . 7 .  T h i s  a v e r a g e  a n g l e  combined w i t h  t h e  a v e r a g e  

s t a t o r  i n l e t  a n g l e  o f  49.2  d e g r e e s  r e s u l t s  i n  a s t a t o r  t u r n i n g  a n g l e  o f  

40.5  d e g r e e s ,  which  i s  less than  t h e  p r e d i c t e d  t u r n i n g  a n g l e  b y  o n l y  

The a v e r a g e  midspan e x i t  a i r  a n g l e  o b t a i n e d  w i t h  t h e  

2 . 3  d e g r e e s .  

Tab le  V - 4 .  Midspan S t a t o r  Exit A i r  Angles a t  S t a t i o n  3A 

C i r c u m f e r e n t i a l  9: 9; 
L o c a t i o n  (deg) 24.4 65 .8  228.5 328.8 Average 

C o n f i g u r a t i o n  1 
(uns l o t  t e d )  

C o n f i g u r a t i o n  2 

C o n f i g u r a t i o n  3 

C o n f i g u r a t i o n  4 

8.7 8.6 3 . 2  14 .0  8.7 

8.6 8.1 7 . 2  9.0 1.6 

7 .2  8.0 3.4 11.5 7.6 

9.4 6.8 -4.5 8.9 8.1 

*Not Used i n  Average Value 
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2 .  S l o t  C o n f i g u r a t i o n  S e l e c t i o n  

a .  S l o t  L o c a t i o n  

The f o l l o w i n g  g e n e r a l  c r i t e r i a  were used  t o  de t e rmine  t h e  l o c a t i o n  o f  

s l o t s  f o r  t h e  s t a t o r  vanes :  

1. The s l o t  shou ld  be l o c a t e d  u p s t r e a m  o f  t h e  p o i n t  o f  f low 

s e p a r a t i o n ,  because  t h e  s l o t  f low could  n o t  e f f e c t i v e l y  

t u r n  t h e  p r imary  flow back  toward t h e  s u c t i o n  s u r f a c e  i f  

i t  were e x h a u s t e d  i n t o  a s e p a r a t e d  r e g i o n  

2 .  The s l o t  s h o u l d  be l o c a t e d  i n  a r e g i o n  where t h e  p r e s s u r e  

d i f f e r e n c e  between t h e  s u c t i o n  and p r e s s u r e  s u r f a c e s  i s  

s u f f i c i e n t l y  h i g h  t o  p r o v i d e  a d e q u a t e  s l o t  f l ow.  

As mentioned p r e v i o u s l y ,  f low s e p a r a t i o n  on t h e  u n s l o t t e d  vane o c c u r r e d  

a t  a p p r o x i m a t e l y  50% c h o r d .  The s l o t  w a s ,  t h e r e f o r e ,  l o c a t e d  a t  22.5% chord  

on t h e  s u c t i o n  s u r f a c e ,  which was as f a r  forward as  m e c h a n i c a l l y  p o s s i b l e .  

T h i s  p l a c e d  t h e  s l o t  e x i t  i n  t h e  s t e e p  p o r t i o n  of  t h e  p r e s s u r e  g r a d i e n t ,  

a p p r o x i m a t e l y  ha l fway  between t h e  minimum p r e s s u r e  p o i n t  and t h e  p o i n t  of 

s e p a r a t i o n .  

b .  S l o t  Geometry 

D e f i n i t i o n s  o f  t h e  geometry nomenc la tu re  and a summary o f  t h e  s l o t  

d imens ions  f o r  t h e  t h r e e  s l o t t e d  s t a t o r  c o n f i g u r a t i o n s  a re  p r e s e n t e d  i n  

f i g u r e  V-3. S l o t  geometry v a r i a b l e s  o f  p r imary  conce rn  were s l o t  con- 

t r a c t i o n  r a t i o ,  y /Y Coanda r a d i u s ,  R1, and r a d i u s ,  R . 
2 1’ P 

The s l o t  e x i t  w i d t h ,  Y was c a l c u l a t e d  on t h e  b a s i s  o f  a n  a r b i t r a r y  s l o t  2 ’  
f l o w  r e q u i r e m e n t  e q u a l  t o  a p p r o x i m a t e l y  3% o f  t h e  p r imary  f low,  u s i n g  t h e  

t h e o r e t i c a l  p r e s s u r e  d r o p  between t h e  p r e s s u r e  and s u c t i o n  s u r f a c e s .  The 

t h r e e  s l o t  c o n f i g u r a t i o n s  t h a t  were e v a l u a t e d  a re  shown i n  f i g u r e  V-4. 

These c o n f i g u r a t i o n s  were based  on t h e  r e s u l t s  o f  u n s l o t t e d  b l a d e  t e s t i n g  

and t h e  r e s u l t s  o f  t h e  s l o t  geometry  i n v e s t i g a t i o n  r e p o r t e d  i n  R e f e r e n c e  1. 

3 .  S l o t t e d  S t a t o r  Per formance  

Midspan t o t a l  p r e s s u r e  wake p r o f i l e s  f o r  t h e  t h r e e  s l o t t e d  s t a t o r  c o n f i g u r a -  

t i o n s  a r e  shown i n  f i g u r e  V-5 .  Midspan t o t a l  p r e s s u r e  d a t a  f o r  a l l  o f  t h e  s t a t o r  

c o n f i g u r a t i o n s  a r e  summarized i n  t a b l e  V-3 i n  Appendix B .  T o t a l  p r e s s u r e  

d a t a  f o r  t h e  wedge and K i e l  p robes  were t r a n s l a t e d  t o  a s i n g l e  s t a t o r  c h a n n e l  
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and a re  super imposed  on t h e  wake p r o f i l e s .  The u n s l o t t e d  s t a t o r  wake 

p r o f i l e ,  i n c l u d e d  f o r  compar ison  w i t h  t h e  s l o t t e d  s t a t o r  wake p r o f i l e s  , 
i n d i c a t e s  t h a t  t h e r e  was no a p p r e c i a b l e  s h i f t  o f  t h e  wake toward t h e  

s u c t i o n  s u r f a c e  when a s l o t  was added .  A l l  o f  t h e  s l o t t e d  s t a t o r s  have  

s h a l l o w e r  wakes t h a n  t h e  u n s l o t t e d  s t a t o r ,  b u t  t h e  wakes f o r  c o n f i g u -  

r a t i o n s  2 and 4 are  w i d e r  t h a n  t h e  wake f o r  t h e  u n s l o t t e d  s t a t o r .  

C o n f i g u r a t i o n  3 h a s  a n o t i c e a b l y  na r rower  wake p r o f i l e  t h a n  t h a t  o f  t h e  

u n s l o t t e d  s t a t o r .  The l o s s  c o e f f i c i e n t  f o r  c o n f i g u r a t i o n  3 was 0 .177 ,  

compared w i t h  a v a l u e  of 0.224 f o r  t h e  u n s l o t t e d  s t a t o r .  

L o s s  c o e f f i c i e n t  and D - f a c t o r  v a l u e s  f o r  t h e  f o u r  s t a t o r  c o n f i g u r a t i o n s  

are  g i v e n  i n  t a b l e  V-5. 

T a b l e  V-5. Data Summary f o r  Annu la r  Cascade 
S t a t o r  T e s t  C o n f i g u r a t i o n s  

CONFIGURATION SLOT 0 2 - 3 A  D-FACTOR LIFT 
GE OME TRY COEFFICIENT 

1 U n s l o t t e d  0.224 0.482 0.795 

2 S m a l l  ‘1; 0.220 0.528 0.838 

3 Large  r l ;  0.177 0.526 0.945 

Thin S l o t  

Th ick  S l o t  

4 La rge  ‘1; 0.191 0.514 0 .955  
Thin  S l o t  

TURNING , 
deg 

3 7 . 3  

39.4 

38 .8  

39 .3  

The D - f a c t o r  l o a d i n g  v a l u e s  i n  t a b l e  V-5 i n d i c a t e  a s i g n i f i c a n t  

i n c r e a s e  i n  l o a d i n g  f o r  t h e  s l o t t e d  t e s t s .  The h i g h e r  D - f a c t o r  v a l u e s  

a t  midspan f o r  t h e  s l o t t e d  vane c o n f i g u r a t i o n s  o c c u r r e d  because  t h e  

s t a t i c  p r e s s u r e  r i s e  v a l u e s  were h i g h e r  t h a n  f o r  t h e  u n s l o t t e d  c o n f i g u r a -  

t i o n .  Although no measurements were made n e a r  t h e  w a l l s ,  t he  i m p l i c a t i o n  

i s  t h a t  l o s s e s  t h e r e  were reduced  g i v i n g  l e s s  b lockage  and l e s s  a x i a l  

v e l o c i t y  i n c r e a s e  a t  midspan. S l o t t e d  s t a t o r  c o n f i g u r a t i o n  3 h a s  ap -  

p r o x i m a t e l y  a 10% h i g h e r  D - f a c t o r  and 20% lower l o s s  c o e f f i c i e n t  t h a n  

t h e  u n s l o t t e d  s t a t o r s .  

P r e s s u r e  c o e f f i c i e n t  d i s t r i b u t i o n s  f o r  t h e  s l o t t e d  s t a t o r  c o n f i g u r a -  

t i o n s  a r e  p r e s e n t e d  i n  f i g u r e  V-6. The u n s l o t t e d  s t a t o r  p r e s s u r e  

c o e f f i c i e n t  d i s t r i b u t i o n  i s  i n c l u d e d  i n  t h e  f i g u r e  f o r  compar ison .  

D i f f e r e n t  symbols a r e  used t o  d i f f e r e n t i a t e  p r e s s u r e  m e a s u r e w n t s  o b t a i n e d  

v-4 



Pratt & Whitney Flircraft 
PWA FR-2297 

w i t h  vanes  A ,  B y  and C .  P r e s s u r e  c o e f f i c i e n t  d a t a  v a l u e s  f o r  t h e  s l o t t e d  

s t a t o r  c o n f i g u r a t i o n s  a r e  p r e s e n t e d  i n  t a b l e  V-2 i n  Appendix B. The s u c t i o n  

s u r f a c e  d i f f u s i o n  a p p e a r s  t o  have been improved by a d d i t i o n  o f  t h e  s l o t .  

A second minimum p r e s s u r e  p o i n t  o c c u r s  on t h e  Coanda r a d i u s  a t  t h e  down- 

s t r e a m  s i d e  o f  t h e  s l o t .  T h i s  minimum p r e s s u r e  i s  caused  by t h e  a c c e l e r a -  

t i o n  o f  s l o t  f l ow o v e r  t h e  Coanda r a d i u s ,  and i s  c o n s i d e r e d  t o  be a prime 

f a c t o r  i n  t h e  mechanism o f  s l o t  e f f e c t i v e n e s s .  

L i f t  c o e f f i c i e n t s  were c a l c u l a t e d  by manual ly  i n t e g r a t i n g  t h e  p r e s -  

s u r e  c o e f f i c i e n t  d i s t r i b u t i o n s .  L i f t  c o e f f i c i e n t s  f o r  each  c o n f i g u r a t i o n  

a r e  l i s t e d  i n  t a b l e  V-5. A l l  o f  t h e  s l o t t e d  s t a t o r  c o n f i g u r a t i o n s  show 

a n  improvement o v e r  t h e  u n s l o t t e d  s t a t o r ;  c o n f i g u r a t i o n s  3 and 4 show t h e  

most s i g n i f i c a n t  g a i n  i n  l i f t  c o e f f i c i e n t .  

S l o t t e d  s t a t o r  e x i t  a i r  a n g l e  measurements a r e  summarized i n  t a b l e  V-4 

(page V-2). The a v e r a g e  e x i t  a i r  a n g l e  was o b t a i n e d  from two o f  t h e  t h r e e  

p robes  t h a t  were l o c a t e d  i n  t h e  t e s t  s e c t i o n  (behind  s l o t t e d  s t a t o r s )  a t  24 .4  

and 65.8 d e g r e e s .  The a n g l e  measurements o b t a i n e d  w i t h  t h e  probe  l o c a t e d  a t  

228 .5  d e g r e e s  were n o t  u sed  because  t h i s  p robe  was n o t  i n  t h e  t e s t  s e c t i o n .  

The a n g l e  measurements o b t a i n e d  a t  328.8 d e g r e e s  were o m i t t e d  from t h e  

a v e r a g e  because  t h e  i n d i c a t e d  a i r  a n g l e s  f o r  two of t h e  f o u r  c o n f i g u r a -  

t i o n s  a r e  c o n s i d e r a b l y  d i f f e r e n t  from t h o s e  i n d i c a t e d  f o r  t h e  o t h e r  

two c o n f i g u r a t i o n s  f o r  no  a p p a r e n t  r e a s o n .  The a v e r a g e  a i r  a n g l e  is 

7 . 9  d e g r e e s .  T h i s  gave a n  a v e r a g e  t u r n i n g  a n g l e  o f  41 .3  d e g r e e s  f o r  a l l  

of t h e  s l o t t e d  c o n f i g u r a t i o n s ,  which is n o t  s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  t he  a v e r a g e  t u r n i n g  fo r  t he  u n s l o t t e d  s t a t o r .  The midspan values  

o f  t u r n i n g  do n o t  r e f l e c t  t h e  i n c r e a s e  i n  l i f t  c o e f f i c i e n t  o b t a i n e d  by  

a d d i n g  s l o t s  t o  t h e  s t a t o r s .  Th i s  a p p a r e n t  d i s c r e p a n c y  is  a t t r i b u t e d  

t o  t h r e e - d i m e n s i o n a l  f low e f f e c t s  t h a t  were n o t  accoun ted  f o r  i n  t h e  

d a t a  measurements.  

B. GUIDE VANE EVALUATION 

1. C r u i s e  Geometry 

The t o t a l  p r e s s u r e  wake p r o f i l e  f o r  t h e  c r u i s e  geometry  g u i d e  vanes  

i s  shown i n  f i g u r e  V - 7 .  K i e l  and wedge probe  r e a d i n g s  were t r a n s l a t e d  t o  

t h e  walce p r o b e  c h a n n e l  and are super imposed  on t h e  wake p r o f i l e  f o r  compar i son ,  

The g u i d e  vane t o t a l  p r e s s u r e  l o s s  c o e f f i c i e n t  f o r  t h i s  c o n f i g u r a t i o n  i s  

0 .0167.  
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The g u i d e  vane e x i t  a i r  a n g l e  w a s  28.1 d e g r e e s  and 25 .3  d e g r e e s  f o r  

t h e  t r a v e r s e  p robes  l o c a t e d  a t  c i r c u m f e r e n t i a l  l o c a t i o n s  6 . 5  and 319 .5  d e g r e e s ,  

r e s p e c t i v e l y .  T h i s  gave a n  a v e r a g e  a i r  t u r n i n g  o f  26 .7  d e g r e e s  which i s  

3 . 3  d e g r e e s  less  t h a n  t h e  d e s i g n  v a l u e  of  30 d e g r e e s .  

The c r u i s e  geometry c o n f i g u r a t i o n  p o r t i o n  o f  t h e  i n l e t  g u i d e  vane pro-  

gram w a s  o r i g i n a l l y  i n t e n d e d  t o  i n c l u d e  e v a l u a t i o n  of  a s l o t  i n  t h e  rear 

f l a p  s e c t i o n  of  t h e  guide  vane .  The i n i t i a l  u n s l o t t e d  c o n f i g u r a t i o n  was 

t e s t e d  w i t h o u t  a s l o t  t o  p r o v i d e  a b a s e l i n e  f o r  e v a l u a t i o n  p u r p o s e s .  A n a l y s i s  

o f  t h e  i n i t i a l  t e s t  d a t a  i n d i c a t e s  t h a t  t h e  i n l e t  g u i d e  vane  had  a c h i e v e d  

a l m o s t  d e s i g n  t u r n i n g ,  w i t h  a r e l a t i v e l y  low p r o f i l e  l o s s .  It w a s  t h e r e -  

f o r e  d e c i d e d  t h a t  a s l o t  i n  t h e  f l a p  would n o t  f u r t h e r  improve vane 

t u r n i n g ,  and t h e  s l o t  p o r t i o n  o f  t h i s  program was n o t  conduc ted .  The 

rear f l a p  s e c t i o n  o f  t h e  v a r i a b l e  geometry g u i d e  vane f o r  t h e  r o t a t i n g  

c a s c a d e  program w i l l  be  s l o t t e d ,  however ,  t o  a i d  t u r n i n g  a t  f l a p  a n g l e s  

g r e a t e r  t h a n  those f o r  d e s i g n  t u r n i n g  ( 3 0  d e g r e e s ) .  

2 .  Des ign  (Axial Flow) Geometry 

The pu rpose  o f  t h e  second p a r t  o f  t h e  i n l e t  gu ide  vane program w a s  t o  

compare t h e  t o t a l  p r e s s u r e  l o s s e s  of  t h e  two c a n d i d a t e  v a r i a b l e  geometry 

c o n c e p t s  when t h e y  are c o n f i g u r e d  f o r  a x i a l  ex i t  f low.  T o t a l  p r e s s u r e  wake 

p r o f i l e s  f o r  t h e  two v a r i a b l e  geometry d e s i g n s  are  shown i n  f i g u r e  V - 8 .  

The wake o f  t h e  v e n e t i a n  b l i n d  v a r i a b l e  geometry c o n c e p t  i s  s e e n  i n  t h e  

f i g u r e  t o  be l a r g e r  t h a n  t h e  wake f o r  t h e  v a r i a b l e  camber d e s i g n .  The 

c o r r e s p o n d i n g  lo s s  c o e f f i c i e n t s  are  0.021 f o r  t h e  v a r i a b l e  camber and 

0 .069  f o r  t h e  v e n e t i a n  b l i n d .  
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SECTION V I  
CONCLUDING DISCUSSION 

A p r e l i m i n a r y  a n n u l a r  c a s c a d e  program was conducted  f o r  t h e  e v a l u a t i o n  

o f  s t a t o r  s l o t  d e s i g n  and two c a n d i d a t e  g u i d e  vane d e s i g n s  a s  p a r t  o f  t h e  

d e s i g n  e f f o r t  under  a n  o v e r a l l  program t o  i n v e s t i g a t e  v a r i a b l e  geometry 

g u i d e  vane and s t a t o r  c o n c e p t s .  The purpose  o f  t h e  s l o t t e d  s t a t o r  t e s t s  

w a s  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  u s i n g  a s l o t  l o c a t e d  n e a r  t h e  l e a d i n g  

edge  t o  a i d  t u r n i n g  a t  o f f - d e s i g n  (h igh  p o s i t i v e )  i n c i d e n c e  a n g l e s  and 

t o  p r o v i d e  a d e s i g n  g u i d e l i n e  f o r  s l o t  geometry.  The g u i d e  vane  e v a l u a t i o n  

was p r i m a r i l y  concerned  w i t h  t h e  comparison o f  p r o f i l e  l o s s e s  o b t a i n e d  

w i t h  two v a r i a b l e  geometry g u i d e  - n e  d e s i g n s  i n  t h e  a x i a l  f l m  p o s i t i o n .  

Because t h e s e  e v a l u a t i o n s  were p r e l i m i n a r y  i n  n a t u r e ,  o n l y  mean r a d i u s  

a i r  a n g l e  and  t o t a l  p r e s s u r e  d a t a  were o b t a i n e d ,  and no  a t t e m p t s  were 

made t o  r e f i n e  t h e  f low c o n d i t i o n s  and t h e r e b y  t h e  d a t a .  

The r e s u l t s  of t h e  e v a l u a t i o n  o f  s t a t o r  l e a d i n g  edge  s l o t s  i n d i c a t e d  

t h a t  a s l o t  a t  22.5% c h o r d a l  l o c a t i o n  produced a s l i g h t  improvement i n  

s u c t i o n  s u r f a c e  d i f f u s i o n  w i t h  a n  a t t e n d a n t  i n c r e a s e  i n  l i f t  c o e f f i c i e n t  

and d e c r e a s e  i n  loss  c o e f f i c i e n t  when compared w i t h  t h e  c o r r e s p o n d i n g  

v a l u e s  o b t a i n e d  w i t h  a n  u n s l o t t e d  s t a t o r .  Al though t h r e e - d i m e n s i o n a l  

f l ow e f f e c t s  may have  i n f l u e n c e d  t h e  a b s o l u t e  l e v e l s  of  t h e s e  v a l u e s ,  

i t  i s  concluded  t h a t  t h e  s l o t  geometry  f o r  s l o t t e d  s t a t o r  c o n f i g u r a t i o n  3 

w a s  s u p e r i o r  t o  t h e  o t h e r  two s l o t  g e o m e t r i e s  t e s t e d .  

The e v a l u a t i o n  of  t h e  two c a n d i d a t e  g u i d e  vane d e s i g n s  i n d i c a t e d  

t h a t  t h e  v a r i a b l e  camber d e s i g n  gave  s i g n i f i c a n t l y  lower  p r o f i l e  loss  

i n  t h e  a x i a l  f low p o s i t i o n .  The h i g h  camber b l a d e  f o r  t h e  c r u i s e  

geometry e x h i b i t e d  r e l a t i v e l y  low p r o f i l e  loss. 
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APPENDIX A 
LIST OF SYMBOLS 

D e s c r i p t i o n  

Chord l e n g t h  

L i f t  c o e f f i c i e n t  

S t a t i c  p r e s s u r e  c o e f f i c i e n t  

Mach number 

S t a t i c  p r e s s u r e  

U n i t s  

i n .  

p s i a  

T o t a l  p r e s s u r e  p s i a  

Dynamic p r e s s u r e ,  1/2pV2 p s i a  

Blade  s p a c i n g  i n .  

V e l o c i t y  f t l s e c  

A i r  a n g l e ,  measured from ax ia l  l i n e  d e g  

R a t i o  o f  s p e c i f i c  h e a t s  

Blade  chord  a n g l e  d e g  

S o l i d i t y  C I S  

T o t a l  p r e s s u r e  l o s s  c o e f f i c i e n t  

L o c a l  vane s u r f a c e  p o i n t  

P r e s s u r e  s u r f a c e  

S u c t i o n  s u r f a c e  

T a n g e n t i a l  

P r e w h i r l  b l a d e  i n l e t  s t a t i o n  
( s t a t o r  t e s t s )  
Guide vane e x i t  s t a t i o n  
(gu ide  vane t e s t s )  

P r e w h i r l  b l a d e  ex i t  s t a t i o n  

S t a t o r  i n l e t  s t a t i o n  

S t a t o r  e x i t  s t a t i o n  
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APPENDIX B 
TABULATED DATA 

The f o l l o w i n g  d a t a  t a b u l a t i o n s  a r e  i n c l u d e d :  

Wall S t a t i c  P r e s s u r e ,  Weight  F low,  and 
Mach Number F o r  S t a t o r s  

T a b l e  V - 1  Midspan S t a t o r  I n l e t  A i r  Angles  

T a b l e  V - 2  S t a t i c  P r e s s u r e  C o e f f i c i e n t s  f o r  S t a t o r s  

T a b l e  V - 3  S t a t o r  Program - T o t a l  P r e s s u r e  ( p s i a )  - 
Midspan a t  S t a t i o n  3A ( S t a t o r  E x i t )  
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Tab le  I V - 1 .  Wall S t a t i c  P r e s s u r e ,  Weight Flow, and Mach Number 
For  S t a t o r s  

C o n f i g u r a t i o n  

Plenum P r e s s u r e  

Tap C i r c u m f e r e n t i a l  
P o s i t i o n :  

193 .5"  I D  

83 .0"  I D  

3 .0"  I D  

263.0" OD 

133.0' OD 

32.5' OD 

331.5" OD 

295.5" OD 

238.8" OD 

169.5 '  OD 

115 .5"  OD 

61.5" OD 

43.5' OD 

7.5"  OD 

193.9" I D  

48.7" I D  

&, l b / s e c  

M2 

UNSLOTTED 

1 

14.392 

12 .014  
12 .013  

11 .535  

12.535 

12.372 

12.224 

12 .383  

12.556 

12.384 

12.460 

12.532 

12 .362  

12 .570  

12.626 

12 .559  

12 .529  

70.52 

0.495 

P r e s s u r e  u n i t s  a r e  p s i a  

*Not used t o  o b t a i n  ave rage  v a l u e s  

SLOTTED 

2 3 

14.681 14.1593 

S t a t i o n  2 ( S t a t o r  I n l e t )  

12 .272  12.226 

12.387 12.662 

11 .680  11 .405  

12.786 12.639 

12.738 12  .564 

12 .369  12.:392 

S t a t i o n  3A ( S t a t o r  E x i t )  

12.572 

14.911fc 

12.669 

12 .812  

12.897 

12.834 

14.913fc 

13.075 

12.943 

12 .924  

70.11 

0.493 

B-2 

12 .720  

14.8122 

12 .631  

12.716 

12 .801  

12.888 

12 .950  

12.987 

12.947 

12.958 

69 .99  

0.492 

4 

14 .561  

12.339 
12.392 

11.412 

12 .749  

12.616 

12.337 

12.760 

14 .7  90* 

12.655 

12.786 

12 .781  

12 .731  

12.848 

12.884 

12.927 

12 .796  

70.73 

0.489 
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Table V-1. Midspan Stator Inlet Air Angles 

STATION 1 STATION 2 

Circumferential 
Location (deg) 18 63 143 323 

50.1 47.4 47.0 4 5 . 5  

50.4 46.8 48.3 -- 
48.9 4 6 . 2  49.1 47.6 

47 .4  44.8 46.8 48.5 
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Hypo Tubes for 

F i g u r e  111-4.  S t a t o r  Vane Assembly  
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h 
1 Cambc 

F i g u r e  111-5 .  I n l e t  Vane and Shroud FD 21939 
Assembly f o r  Design ( A x i a l  
Flow) I n l e t  Guide Vane T e s t  
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Test Stator Cruise (14.4" Incidence) Geometry 

Flow f 

Flow I) 

Guide Vane Cruise (30" Prewhirl) Geometrv u 

(Same for Both Variable Geometry Guide Vane Concepts) 

Flow v 
Variable Camber Guide Vane Concept 
Design (Axial Flow) Geometry 

Flow 

Venetian Blind Guide Vane Concept 
Design (Axial Flow) Geometry 

-0 

F i g u r e  111-6 .  Guide Vane and Stator 
V a r i a b l e  Geometry Concepts  
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Station I 
(Inlet Guide Vane Exit) 

Station 2 
(Stator Inlet) 

7.5" 

Station 3A 
(Stator Exit) 

O Wall Static Pressure 
8 Kiel Probe 
0 Wake Probe 
A Traverse Probe 

Figure 111-9. Stator Program Instrumentation; FD 14975B 
Stations 1, 2, and 3A (View 
Looking Downstream) 

c-10 



1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

Pratt & Whitney Flircraft 
PWA FR-2297 

I I I CONFIGURATION 2 I I 

Pressure Tap No. 

1c 

20 

0 5 10 15 20 25 30 35 

PERCENT CHORD 

F i g u r e  111-10. S t a t i c  P r e s s u r e  Tap FD 21938 
L o c a t i o n s  Near  S l o t ,  S t a t o r  Program 
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Design 

0 Wall Static Pressure 
@ Kiel Probe 

I" 
295.5" 319f i f i  333" 
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1. " S i n g l e  S t a g e  E x p e r i m e n t a l  E v a l u a t i o n  of  S l o t t e d  R o t o r  and S t a t o r  

B l a d i n g  - P a r t  I1 - Annular  Cascade I n v e s t i g a t i o n  o f  S l o t  L o c a t i o n  

and Geometry," L i n d e r ,  C .  G .  and J o n e s ,  B.  A . ,  31 O c t o b e r  1966 

(NASA CR-54545). 
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